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A  DIVISION  OF  GENERAL  DYNAMICS  CORPORATION 

(FORT  WORTH) 


RAGE _ 

REPORT  NO- 
MODEL _ 

date _ ii  Hay  19bG 


F0T-14C0 


N  A'dlR  I  '‘•L-  t’HIOKOL  ”CT"  RUBBER  -  PR  EFT  E IC  ATBf  ’•‘T  LUSTS  - 
BOR  INTER?  rjj  H".:l  T*-;!K  "’BALING  -  T  KG  TING  OF  - 

F’RrOGB: 

The  methods  of  senlinr  the  1  n  to  rrn]  fuel  tonka  on  the  B-f>8  air¬ 
plane  Include  the  u:;c  of  prof  nhr  1  e  a  i-od  fillets.  Althourh  nref nbr ic n tod 
fillets  hnvo  be^n  "sod  extensive] y  In  laboratory  teats  for  B-58  fool 
t' nlc  design  nnd  h°vo  proved  satisfactory,  c  or  to  in  of  thoir  proper  ties 
"re  not  kno’.vn .  The  purpose  of  this  tost  request  is  twofold:  (1)  To 
determine  the  proportion  of  Thlokol  "ST"  prof nbri entsd  fillets  per 
F ' '  u  -  0 0 3 A  ;  and  (2)  to  prepare  °  now  procurement  specif iention  in  order 
••o  ins-  ro  the  quality  of  "17"  Tniokol  fillets  ohtoinod. 

op»'-'  A:;y  . 

All  t-esti  nr  was  done  u  3.1  nr  prof  phr  ion  ted  Thiolrol  "ST"  fillota 
received  from  Immel  Engineering  nnd  Development  Co.  The  tests  were 
run  in  accordance  with  the  procedures  of  Cotivnir  Specification 
FJ.'S-0034*which  included  tests  for  specific  Gravity,  linear  thormnl 
change,  peel  strength,  flexibility,  hardness,  tensile  strength  end 
elongation,  fluid  resistance,  corrosive  notion,  end  thermal  flow. 

Each  of  the  nbovo  listed  properties  lies  been  obtained  on  Immel 
prof ebricatod  fillets  rnd  are  believed  to  be  representative  of  what 
may  be  expected  of  Thiokol  "ST"  fillets.  Based  on  the  results  of 
these  tests,  values  have  been  recommended  for  n  proposed  new  procure¬ 
ment  specification. 

♦See  Supplemental  Pages  S-l  through  S-8. 
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M  4  TER  I  'T, -THIOKOL  ,,n.T"  RUBBER  -  BREF  A P.R  IC  A TED  FILLETS 


FOR  JNTFOR  aL  MI  FT  TANK  SEALING  -  TESTING  OF  - 

i 

i 

i 


OBJECT: 


To  determine  the  proportion  of  Thiokol  "FT"  pref abriented  fillets 


manufactured  by  Immel  Enpineoring  and  Development  Company  in  accordance 
with  proposod  Specification  FMS-0034. 


DE  SC  R  IPTION  OF  V  A  TER  I ALS  : 


Although  FMS-0034  requests  rubmitt.nl  of  four  different  nhnpo n  of 


fillets,  nil  teotinr  wf "  enrried  out  using  the  Tyre  A  or  tensile  sheet 


type  fillets.  The  Type  A  sheets  used  for  adhesion  tests  were  molded 


by  the  vendor  in  molds  v/hloh  lied  been  send  blasted  on  one  side.  Sheets 
used  for  tensile  tost3  wore  smooth  on  both  sides. 


Tvre  A  Fillot  Materials  Vendor 


Thiokol  "ST”  Immel  Engineering  &  Development 


Compnny 

301  South  Enst  14th  Street 
Grrnd  Prairie,  Texas 


Testing  Materials 

2024  Cl nd  Aluminum  Alloy 

EC  1373  Sen  Inn t 

QQ-A-362a 

Minnesota  Mining  and  Manufactur¬ 
ing  Compnny 

Detroit  2,  Michigan 

Wipe -Off  Nnphthn  * 

CVAC  14-074360 

Phosphoric  Acid  Clenner  (A-3)» 

FMS-0034 

Snythetic  Sen  Water* 

FMS-0034 

Type  III  Hydrocarbon  Te.st 

Fluid 

(70/30:  Iso -oc  tan  e/tolueno ) 

MIL-H-3136 

♦See  Supplemental  Pages  S-l  through  S-8. 
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All  s  no  r\l  m  tv  worn  >  ’p  n  pnrod  ,  bonded,  .nnd  tooted  see  qtm]  Inn  to 

s 

the  ''ivn  nitij  r'.v;  t]  pn  1  n  t*.vi  in  the  ?v »  p  >  -  od  Oonvf'ir  Pipeci  f  ic  n  tion 

F’i^-OOM  . 

\{]?rn  jys  . 

°ve  Tnblo  I 
MS'n’  “"ION; 

A  now  concept  of  inloprc,l  ro'*l  ‘mb  non!  lor  hv.  boon  incorporated 
into  the  dosl.-n  of  the  P-50  nlrp]°no.  Th  i n  new  concept  makes  nno  of 
tempi- tyne  soaliny  in  contrast  to  t  bo  D'tern'l  conllnp  that  h^s 
bo-n  used  on  previous  i'irplnn<i:s.  It  In  believed  Mint  prof rbric n ted 
fjllotn  of  Th lokol  rubber  may  ■  e  ‘-nod  to  ndwitvo  in  the 

external  seals  since  th*-y  would  to  donnor  nnd  sfrourer  bh pn  fillets 
laid  down  from  petty-type  (LP-P)  sealants,  fo- t.ostinr  hns  been 
done,  durinp  B-58  fuel  tank  denim  studios,  on  the  me  of  Thiokol 
f,STrt  prof  nhricn  tod  fillets.  However,  cor  bn  In  of  tboir  properties, 
such  ns  tensile  strength,  olonyntio  n,  etc.  me  not  known .  The 
purpose  of  thin  test  Is  to  determine  the  proportion  of  Thiokol  f,ST,f 
prefabricated  fillets,  and  nlso  to  props  re  n  new  procurement  speci¬ 
fication  to  insure  the  quality  of  fillets  obtninod  from  vendors. 

Tho  fillets  used  for  tentinr  v/ero  nil  submitted  by  Inmol 
Engineering  and  Development  Company.  The  sc  were  chosen  because 
they  were  readily  available  in  sufficient  quantity  to  carry  out  a 
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full  test  program.  All  teats  were  run  in  accordance  with  procedures 
set  forth  in  Ccnvnir»s  proposed  Specification  FMS-0034.  However,  the 
property  values  ns  stipulated  therein  were  not  necessarily  used  S3 
s  basis  for  passing  or  failing  the  mntorinl,  After  each  test,  the 
fillet  was  examined  to  determine  whether  or  not  its  condition  was 
such  as  could  be  tolerated  on  the  B-58  airplane.  If  so,  a  specifi¬ 
cation  value  was  recommended  based  on  the  actual  result  obtained  on 
that  test* 

In  this  manner  the  properties  of  Immel  prefabricated  Thiokol  WST"  i 
fillets  have  been  determined.  These  properties  are  believed  to  be 
representative  of  what  may  be  expected  of  W8TH  fillets  in  general. 
Therefore,  the  values  obtained  have  been  used  as  the  basis  for 
recommending  a  new  procurement  specification. 

CONCLUSION: 

The  physical  properties  of  Immel  prefabricated  Thiokol  WST” 
fillets  were  determined.  Results  are  reported  In  this  report  and 
should  serve  as  a  basis  for  revising  Specification  FMS-0034. 
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TABLE  I 

TEST  DATA  ON  TV  PE  A  PREFABRICATED  FILLETS  OF  THIOKOL  "ST" 


Teat 

Specific  Oravity 

Linear  Thermal  Change,  in. 

Peel  Strength,  lb. /in. 

Before  Fuel  +  Hot  Air** 
After  Fuel  +  Hot  Air** 

Low  Temp.  Flexibility  (-65°F) 
Before  Fuel  +  Hot  Air** 

After  Fuel  +  Hot  Air  ** 


Room  Temp.  Flexibility 
Before  Fuel  +  Hot  Air** 


After  Fuel  +  Hot  Air 


Hardness,  Shore  A 
Room  Temp.  (Control) 

After  10  min.  at  260°F 
After  168  hr a.  at  260°F 

Tensile  Strength,  psi 
As  Received 

After  720  hrs.  in  Type  III 
After  168  hrs.  at  260°F 
After  Fuel  +  Hot  Air  ** 


FMS-0034 

Requirement 


1.55  (max.) 
+0.05 


Results 

Obtained 


Recommended 
Renu irements 


1.55  (max.) 
+0.05 


Pass 

Pass 


No  Cracking, 

Pass 

No  Cracking, 

Check  ing  ,  or  Losb 

Checking,  or  Loss 

of  Adhesion 

of  Adhesion 

No  Cracking, 

Pass 

No  Cracking, 

Checking,  or  Loss 

Checking,  or  Lora 

of  Adhesion 

of  Adhesion 

No  Cracking, 

Pass 

No  Cracking, 

Checking,  or  Loss 

Checking,  or  Loss 

of  Adhesion 

of  Adhesion 

No  Cracking, 

Pass 

No  Cracking, 

Checking,  or  Loss 

Checking,  or  Lass 

of  Adhesion 

of  Adhesion 

50  5  (inst.) 

W*5 (30  sec.) 

66 

67  +  7 (inst.  orifer) 

Control  430$ 

59 

ConTrol  +30$ 

Control  +20$ 

52 

Control  730$ 

1200  (min.) 

825 

750  (min.) 

1200  +20$ 

430 

300  (min . ) 

1200  +20$ 

300 

300  (min. ) 

1200  750$ 

525 

750  +50$ 
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TABLE  I  (Cont’d) 


FMR-0034 

Re  on  Its 

Recommended 

To  a  t 

Requ  1  rnmont 

Obtained 

Requirement 

Elongation,  Percent 

As  Recoived 

250  (min . ) 

185 

180  (min. ) 

After  720  hrs.  in  Tyne  III 

250  +20/ 

125 

125  (min.) 

After  168  hrs.  at  260°P 

250  +  20/ 

190 

125  (min.  ) 

After  Fuel  +  Hot  Air#* 

2  50  +50/ 

160 

180  +50/ 

Corrosive  Action 

No  Pitting, 

Pass 

No  Pitting, 

Roughening 

Roughening  of 

of  Aluminum; 

Aluminum;  No 

No  Scaly  Oxide 

in 

Scaly  Oxide  in 

Fluid:  No  Loss  of 

Fluid;  No  Loss 

Adhesion,  Soften* 

of  Adhesion, 

ing,  Blistering 

Softening, 

Bli s ter ing 

Thermal  Flow,  In.  Elong. 

After  24  hrs.  at  140°F 

0.03  (max.) 

0.00 

0.03  (max  .  ) 

After  24  hrs.  at  200°F 

0.03  (max.) 

0.00 

0.03  (max . ) 

After  24  hrs.  at  260°F 

0.03  (max.) 

0.00 

0.03  (max.) 

<*If  adhesive  failure  between  fillet  and  sealant  or  cohesive  failure 
of  fillet  occurs,  the  for ce« required  to  cause  such  failure  shall  not 
be  less  than  40  lbs. /in. 

**The  term  "Fuel  +  Hot  Air"  refers  to  immersion  in  MIL-H-3136,  Type  III 
fuel  for  168  hours  at  140*F,  followed  by  exposure  to  air  at  2o0  F  for 
72  hours. 
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MSI _ S-l  -  - 

REPORT  no.  FGT-1468 _ 

MODEI _ E/^B-58 - 

DATE _ P7  Jung--1  9 62 


SUPPLEMENTAL  INFORMATION 


General  Dynamics/Fort  Worth  (Convalr)  Specification  FMS-0034  is 
referenced  in  this  report  for  performance  requirements,  specimen 
preparation  and  testing  procedures.  The  referenced  requirements 
and  procedures  are  as  follows: 

A.  Requirements 

1.  Specific  Gravity 

The  specific  gravity  of  the  cured  prefabricated  fillet 
material  shall  not  exceed  1.55  when  tested  in  accordance 
with  Para.  D.2 

2.  Linear  Thermal  Change 

Fillets  shall  not  expand  or  contract  from  the  edge  of  the 
aluminum  panel  more  than  0.05  inch  when  tested  in  accord¬ 
ance  with  Para.  D.3.  Fillet  shall  not  buckle  during  the 
test. 

3.  Peel  Strength 

If  adhesive  failure  between  fillet  and  sealant  or  cohesive 
failure  of  the  fillet  occurs  when  tested  in  accordance  with 
Para.  D.4,  the  force  required  to  cause  such  failures  shall 
not  be  less  than  40  pounds  per  inch. 

4.  Flexibility 

Fillets  shall  not  crack,  check  or  lose  adhesion  when 
tested  at  standard  conditions  and  at  -65°F  +  0  -2°F  in 
accordance  with  Para.  D.5. 

5.  Hardness 

Initial  Shore  A  Durometer  hardness  shall  be  50  +  5  (instant¬ 
aneous)  and  45+5  (after  30  seconds).  After  testing  in 
accordance  with  Para.  D.6,  fillet  shall  not  blister  nor 
change  more  than  20  percent  from  the  initial  hardness. 

6.  Tensile  Strength  and  Elongation 

Initial  properties  shall  be: 

Ultimate  Tensile  Strength  »  1200  psi  (min) 

Ultimate  Elongation  •  250  percent  (min) 

After  testing  in  accordance  with  Para.  D.7,  the  ultimate 
tensile  strength  and  elongation  shall  not  change  more  than 
20  percent  from  the  initial  values. 
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7.  Fluid  Resistance 

Test  per  Para.  D.8.  Hardness,  tensile  strength  and  elonga¬ 
tion  shall  not  change  more  than  50  percent  from  the  values 
recorded  before  testing. 

8.  Corrosive  Action 

Test  per  Para.  D.9.  Fillets  shall  not  cause  pitting  or 
roughening  of  the  aluminum,  nor  cause  scaly  oxide  deposits 
in  the  fluid.  Fillets  shall  not  show  evidence  of  loss  of 
adhesion,  softening,  or  blistering. 

9.  Thermal  Flow 

Test  per  Para.  D.10.  Fillet  Bhall  not  elongate  more  than 
0.03  inch  and  shall  not  decrease  in  length  when  tested  up 
to  260OP. 

B.  Test  Conditions 

The  term  "standard  conditions"  means  a  temperature  of  75  +  5°F 
and  a  relative  humidity  of  50  +  5  percent. 

C.  Test  Specimens 

The  test  specimens  shall  be  made  from  heat  molded  Thiokol  ST 
elastomer  and  shall  be  of  the  configuration  shown  in  Figure  1 
of  this  supplement. 

D.  Test  Methods 

1.  Preparation  of  Test  Specimens 

a.  Test  Panel  Cleaning 

t 

Test  panels  of  2024  clad  aluminum  (QQ-A-362)  shall  be 
cleaned  as  follows: 

(1)  Clean  with  wipe-off  naphtha  (Table  I)  and  wipe  dry. 

(2)  Apply  diluted  phosphoric  acid  cleaner  (seven  parts 
distilled  water  to  one  part  cleaner)  per  Table  II. 

(3)  Before  the  cleaner  dries,  wipe  the  panel  clean  with 
distilled  water. 

(4)  Dry  the  panel  at  160°F  for  30  minutes. 

b.  Fillet  Cleaning 

Wipe  the  fillet  with  phosphoric  acid  cleaner  (diluted 
as  above)  and  wipe  dry  with  clean  cheesecloth. 
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Ingredient 


TABLE  I 

Wipe-Off  Naphtha 

Specification 


Solvent  P-S-661A 

Aliphatic  Petroleum  Naphtha  TT-N-95 
Butyl  Alcohol  TT-B-846 


Percent  by  Weight 


(T.O 
10.0 
10.0 


TABLE  II 

Phosphoric  Acid 
Cleaner 


Ingredient 


Phosphoric  Acid 
Citric  Acid 
Synthetic  Soap 
Methyl  Ethyl  Ketone 
Distilled  Water 


Specification 


O-P-313  (Class  A) 
USP 

Triton  X-100* 
TT-M-261 

Commercial  Grade 


Percent  by  Weight 


+ 

T2.0 
16.0 
8.0 
12.0 
52.0 


*■  Manufactured  by  Rohm  and  Haas  Co. 


c.  Application  of  Sealant 

Apply  a  sealant  coating  1/64  inch  thick  over  the  bonding  area 
of  the  cleaned  test  panels. 

d.  Application  of  Fillets 

Press  fillets  in  place,  using  normal  hand  pressure.  Do  not 
touch  fillets  with  bare  hands.  Cover  the  fillets  with  a 
smooth  coat  of  sealant.  Feather  edges  of  sealant  to  the 
test  panels.  Cure  per  manufacturer's  instructions. 

Specific  Gravity 

Testing  to  be  performed  in  accordance  with  ASTM  Standard 
D-792-50. 

Linear  Thermal  Change 

Bond  a  6  1/4  by  5/16  inch  strip  of  fillet  material  to  a  6  by  1 
by  0.064  inch  aluminum  panel.  Trim  ends  of  the  fillet  strip 
flush  with  the  aluminum  panel  after  the  sealant  has  cured.  Place 
the  uncoated  side  of  the  panel  towards  an  infra-red  heater  with 
a  thermocouple  wire  in  the  center  of  the  fillet  strip  at  the 
metal  surface.  Raise  the  temperature  from  room  temperature  to 

300°p  at  a  rate  of  3°F  per  second  and  maintain  the  300°F  tempera¬ 
ture  for  10  minutes .  Expansion  or  contraction 
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the  limits  of  Para.  A, 2. 

4.  Peel  Strength 

Prepare  two  test  specimens  in  accordance  with  Para.  D.l.  Bond 
an  8  by  1  inch  strip  of  fillet  material  to  an  8  by  1  by  0.040 
inch  aluminum  panel.  Attach  the  fillet  strip  so  that  one  end 
is  one  inch  from  the  end  of  the  test  panel.  This  will  allow 
a  fillet  overhang  of  one  inch  at  the  other  end  of  the  panel. 

At  the  overhand  end,  the  fillet  shall  be  unattached  to  the 
panel  for  one  inch.  After  curing,  pull  the  fillet  at  right 
angles  to  the  panel  at  a  Jaw  separation  rate  of  two  inches 
per  minute.  The  force  required  to  pull  the  fillet  from  the 
panel  shall  meet  the  requirements  of  Para.  A.  3* 

5.  Flexibility 

Prepare  two  test  specimens  in  accordance  with  Para.  D.l. 

Bond  a  4  by  1  inch  strip  of  fillet  material  to  a  6  by  1  by  0.032 
inch  aluminum  panel,  leaving  one  inch  of  bare  metal  at  each  end 
of  the  panel.  Expose  one  test  panel  to  a  temperature  of  -65°F 
+0-2°F,  then  test  at  -65°F  in  the  flexibility  Jig  shown  in 
Figure  2  of  this  supplement.  Bend  the  other  panel  aroundi  a 
l/o  inch  mandrel  at  standard  conditions.  Tested  as  outlined 
above,  the  fillet  material  shall  meet  the  requirements  of 
Para.  A. 4. 

6.  Hardness 

Measure  instantaneous  and  30-second  hardness  of  the  fillet 
material,  using  a  Shore  A  Durometer.  To  assure  accurate  read¬ 
ings,  use  as  manv  layers  of  fillet  material  as  is  required  to 
build  up  to  a  l/h  inch  minimum  thickness. 

Measure  hardness  at: 

a.  Standard  conditions 

b.  After  10  minutes  exposure  to  260°F 

c.  After  168  hours  exposure  to  26o°F 

When  tested  under  these  conditions,  the  fillet  material  shall 
meat  the  requirements  of  Para.  A. 5. 

7.  Tensile  Strength  and  Elongation 

Cut  nine  tensile  coupons  from  the  fillet  material,  using  the 
die  and  procedure  in  ASTM  Standard  D-412-51T.  The  tensile 
coupons  shall  be  tested  in  a  tensile  machine  with  a  Jaw 
separation  rate  of  2  inches  per  minute.  Three  of  the  tensile 
coupons  shall  be  tested  under  each  of  the  following  conditions: 
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a.  At  standard  conditions 

b.  At  standard  conditions  after  immersion  for  720  hours  at 
l40°F  in  fluid  conforming  to  MIL-H-3136,  Type  III 

c.  At  standard  conditions  after  exposure  to  260°F  for  168 
hours . 

Tested  under  these  conditions!  the  fillet  material  shall 
meet  the  requirements  of  Para.  A. 6. 

8.  Fluid  Resistance 

Immerse  fillet  material  samples,  as  required  for  the  following 
tests,  in  test  fluid  conforming  to  MIL-H-3136,  Type  III,  for 
168  hours,  expose  to  air  at  260°F  for  72  hours,  and  then  pro¬ 
ceed  with  the  following  tests: 

a.  Peel  Strength 

Test  per  Para.  D.4.  Specimens  shall  meet  the  requirements 
of  Para.  A. 3. 

b.  Hardness 

Test  per  Para.  D.6.  Specimens  shall  meet  the  requirements 
of  Para.  A. 5. 

c.  Tensile  Strength  and  Elongation 

Test  per  Para.  D.7.  Specimens  shall  meet  the  requirements 
of  Para.  A. 6. 

d. .  Flexibility 

Test  per  Para.  D.5*  Specimens  shall  meet  the  requirements 
of  Para.  A. 4. 

9.  Corrosive  Action 

Immerse  a  peel  strength  test  specimen  vertically  in  a  covered 
glass  vessel  containing  a  two-layer  liquid  consisting  of 
synthetic  sea  water  (Table  III)  and  test  fluid  conforming  to 
MIL-H-3136,  Type  III,  so  that  two  inches  of  the  specimen  is 
in  contact  with  each  liquid  and  two  inches  is  exposed  to  the 
air-vapor  mixture.  Maintain  the  specimen  in  the  two-layer 
liquid  at  a  temperature  of  140<>F  for  20  days.  Remove  from 
the  liquid  and  immediately  examine  the  specimen  for  compliance 
with  the  requirements  of  Para.  A. 8. 
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TABLE  III 

SYNTHETIC  SEA  WATER 

WEIGHT 

INGREDIENT  GRAMS  PER  LITER  OF  DISTILLED 

_ WATER _ 

Sodium  Chloride  (NaCl)  25.0 

Magnesium  Chloride  (MgClg-  6Hg0)  11.0 

Calcium  Chloride  (CaCl2  -  2^0)  1.0 

Anhydrous  Sodium  Sulfate  (NaSO^)  4.0 

10.  Thermal  Flow 

Benchmark  the  throats  of  six  tensile  strength  specimens.  Mount 
the  specimens  vertically  in  pairs  with  one  end  clamped  to  a 
smoothnbar.  Expose  the  specimens  to  the  following  temperatures, 
two  to  each  temperature  for  24  hours: 

a.  l40°F 

b .  200°F 

c.  260°F 

The  specimens  shall  then  meet  the  requirements  of  Para.  A. 9. 
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